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In contrast to ultraviolet and infrared irradiation, which are known to facilitate cutaneous photoaging, immunosuppression, or
tumour emergence due to formation of free radicals and reactive oxygen species, potentially similar effects of visible light on
the human skin are still poorly characterized. Using a blue-violet light irradiation source and aiming to characterize its potential
influence on the antioxidant status of the human skin, the cutaneous carotenoid concentration was measured noninvasively in
nine healthy volunteers using resonance Raman spectroscopy following irradiation. The dose-dependent significant degradation
of carotenoids was measured to be 13.5% and 21.2% directly after irradiation at 50 J/cm2 and 100 J/cm2 (𝑃 < 0.05). The irradiation
intensity was 100mW/cm2. This is above natural conditions; the achieved doses, though, are acquirable under natural conditions.
The corresponding restoration lasted 2 and 24 hours, respectively. The degradation of cutaneous carotenoids indirectly shows the
amount of generated free radicals and especially reactive oxygen species in human skin. In all volunteers the cutaneous carotenoid
concentration dropped down in amanner similar to that caused by the infrared or ultraviolet irradiations, leading to the conclusion
that also blue-violet light at high doses could represent a comparably adverse factor for human skin.
1. Introduction
The exposure of the body to electromagnetic irradiation is a
ubiquitous and lifelong event with numerous beneficial and
adverse effects on the individual. Natural sunlight is by far
the most important irradiation source. Visible (VIS) light
(380–760 nm) represents about 40% of the emitted energy
that reaches the surface of the earth [1, 2]. Nevertheless, most
biological effects are attributed to the ultraviolet (UV) spec-
trum (290–400 nm), the rate of which is influenced by the
latitude and the ozone layer’s condition.The numerous effects
of UV light on human skin have been subject to thorough
research for decades [3]. Despite lacking the potential to
penetrate deeply into the skin, UVB (290–320 nm) and UVA
(320–400 nm) light exhibit a broad range of beneficial as
well as adverse effects. Most of the latter effects are based
onUV-inducedDNA-mutation and immunosuppression [4],
causing photoaging [5] and especially carcinogenesis [6].
Thus, the first sunscreens developed focused on blocking
UVB though primarily for sunburn prevention. Then, after
discovering its predominantly immunosuppressive effects,
also the UVA range became interesting [7, 8]. Defective DNA
or cell membranes, antioxidant depletion, proinflammatory
effects, collagen, and elastin degradation represent the most
important causes of UV-induced skin damage [9–11]. These
effects are associated with the direct photochemical effects
of UV and with indirect effects related to the action of
free radicals and especially reactive oxygen species (ROS),
generated subsequent to UV exposure [12–14].
With these effects well addressed, and potent means of
protection being available, the assessment of infrared (760–
3,000 nm) (IR) andVIS in the context of photodamagemoved
into focus. Since 1982 [15] scientific groups worldwide have
been investigating the influence of IR on the skin showing its
capability of ROS generation [16–19]. In 2006, the induction
of ascorbate radicals by VIS could be shown ex vivo [20].
In 2008, Cho et al. proved that VIS and IR in conjunction
induce skin damage in vivo, using the activation of matrix
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metalloproteinases (MMPs) and procollagen I formation as
surrogate markers for the cutaneous degradation [21]. In
2009, Zastrow et al. [22] presented the action spectrum of
the formation of free radicals in the skin ex vivo in the
range between 280 and 1.600 nm. The free radicals were
shown to be generated in the whole spectral range with the
maximum in theUV. In 2010, the induction of ROS in the skin
subsequent to IR-A (760–1.440 nm) andNIR (760–3.000 nm)
irradiation was described [23, 24]. Another explanation for
these findings was proposed showing the possible formation
of heat-shock radicals in the skin subsequent to IR irradiation
[25, 26]. However, in 2014, the different pathways for IR-
induced ROS and heat-shock-induced ROS in the skin were
characterized, postulating the generation of free radicals
including ROS in the human skin subsequent to IR exposure
independent of the applied doses [2]. In 2012, the production
of ROS, proinflammatory cytokines, and MMP-1 expression
in human skin subsequent to VIS exposure was reported [27].
Moreover, as the ROS generation is much greater in living
skin in comparison to excised skin, the in vivomeasurements
are more informative than ex vivo measurements in this
regard [28].
Blue-violet light (380–495 nm) is widely used inmedicine
for treatment of acne [29–31], psoriasis [32, 33], atopic
dermatitis [34], and neonatal jaundice [35] and for wound
healing [36, 37]. Moreover, the skin exposure to blue light
results in antibacterial [38–40], antimicrobial [36, 41], and
anti-inflammatory [42] effects. The side effects of blue-
light therapy of neonates [43], suppression of dendritic
cell activation [44] and effect on human dermal fibroblasts
[45, 46] were also reported. The toxic effect of blue light
on the skin was shown to be related to the generation of
nonenzymatic nitric oxide (NO) radicals [47–49]. Blue-light-
induced NO generation was proposed to be effective for
therapy of local or systemic hemodynamic disorders [49].The
cytocidal effect of blue light was even proven to be effective
for treatment of superficial skin carcinomas in humans [50].
Moreover, it could be speculated that blue-light-induced ROS
are responsible for the antibacterial and antimicrobial effects
mentioned above.
Several systems physiologically protect the skin from
oxidative stress. In addition to enzymes such as catalase,
glutathione peroxidase, or superoxide dismutase, this group
comprises substances that cannot be synthesized by the
human organism, such as vitamins (C and E), carotenoids,
flavonoids, and phytoestrogens [51, 52]. The important pro-
tective role of carotenoids in neutralizing excessive free
radicals could be shown in vivo [53–55] as could their
potential to act as representative markers for the antioxidant
status of the human epidermis [56, 57].
That latter feature makes them suitable for assessing the
potential effects of VIS on the skin as well. In addition,
carotenoids can be dietetically supplied [58] and have been
described to contribute to an enhanced cutaneous UV pro-
tection [59, 60]. This and the fact that they seem to generally
correlate with the individual stress level and lifestyle factors
such as alcohol consumption, smoking, and current health
stage have highlighted their importance in an even more
general context [61–63].
Table 1: Volunteer’s characteristics.
Parameters Mean (range)
Number of volunteers 9
Age 39.8 (26–63)
Gender 7 females, 2 males
Skin type according to Fitzpatrick Type II: 8, type III: 1
Smoker/nonsmoker 2/7
Vegetarian/nonvegetarian 1/8
Thus, in order to assess the dose-dependent influence
that blue-violet light can potentially exert on the antioxidant
status of the skin, we exposed nine healthy volunteers
to different dosages of blue-violet light and measured the
kinetics course of the cutaneous carotenoid concentration by
means of resonance Raman spectroscopy over a period of 24
hours after irradiation.
2. Material and Methods
2.1. Volunteers. Nine healthy volunteers (see Table 1 for vol-
unteers’ characteristics) aged between 26 and 63 years with
skin types II and III according to the Fitzpatrick classification
[64] were included in the study. Exclusion criteria were
any kind of cutaneous diseases, pregnancy, consumption
of potentially phototoxic drugs of any kind, intensive sun
exposure during the last 2 weeks, and hair existence on
the inner forearm. The investigations were carried out in
accordance with the ethical guidelines of the Declaration of
Helsinki and had been approved by the Ethics Committee of
the Charite´-Universita¨tsmedizin Berlin before the study had
started. All volunteers gave their informed written consent.
The volunteers were instructed not to utilize any skin care
products on the forearm for at least 72 hours and not to bathe
or shower for at least 4 hours prior to the beginning and
during the experiments.
2.2. Source of Blue-Light Irradiation. The skin was irradiated
with blue-violet light (80% in the range 380–495 nm,maxima
at 440 nm), which is normally used for defining the skin
treatment area for digital phototherapy using a skintrek
PT3, Lumedtec GmbH, Lu¨neburg, Germany. The emission
spectrum can be seen in Figure 1.
2.3. Resonance Raman Spectroscopy. The carotenoids were
measured in the volunteers’ skin noninvasively using reso-
nance Raman spectroscopy [65, 66]. Based on the absorption
properties of the carotenoids, the resonant excitation is
achieved in the blue range of the spectra [66]. Thus, the
488 nm blue-light wavelength of an argon CW laser was
used as a source of carotenoid excitation. Under the applied
excitation conditions, the carotenoid Raman lines are reso-
nantly enhanced and clearly detected in the fingerprint range
of the spectra on the high fluorescence background. The
intensity of the carbon-carbon double-bond stretch vibration
of the conjugated backbone of carotenoid molecules (C=C)
measured at 1525 cm−1 was analyzed. This was done due to
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Figure 1:The emission spectrum of blue-light source of irradiation.
the fact that the C=C chemical bonds of the carotenoid
molecules are responsible for their antioxidant properties
when the free radicals are neutralized [60, 67, 68]. Thus,
the reaction with free radicals induces the destruction of the
carotenoids’ C=C bonds that is attributed to the decrease
of the 1525 cm−1 Raman peak intensity. Our group has
previously described the Raman device utilized in the present
study in detail [66]. Resonance Raman spectroscopy was
chosen in consideration of the strong advantages over other
noninvasive methods [69].
2.4. Temperature Measurement. The skin surface tempera-
ture was measured using a noncontact thermometer (Rytek
Schlender Messtechnik, Ru¨thnick, Germany).
2.5.Measurement of Light Intensity. The intensity of blue light
was measured with a power meter (Hydrosun Medizintech-
nik GmbH, Type HBM-1, Mu¨llheim, Germany).
2.6. Study Design. Two areas of 2×2 cm2 weremarked on the
left and right inner forearms of the volunteers. Afterwards,
the carotenoid concentration was measured five times at
different places within the marked areas and the mean values
were calculated as initial concentration. Then the blue-violet
light irradiation was conducted by administering 50 J/cm2
on the one forearm first and subsequently 100 J/cm2 on the
other forearm. The left or right forearms were randomized
from volunteer to volunteer. To achieve the intended doses,
the light source was positioned at such a distance to the
skin surface that the light intensity exactly amounted to
100mW/cm2 (individually controlled by means of a power
meter). Thus, the irradiation time was calculated to be
500 sec. and 1000 sec. in order to achieve a dose of 50 J/cm2
and 100 J/cm2, respectively. Note that this is far above the
intensity of illumination present, when using the device for
UV-therapy planimetry in the therapeutical setting, which
is about 3.7mW/cm2 (dose does not exceed 0.25 J/cm2). The
carotenoid concentration was then measured directly, as well
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Figure 2: The kinetic course of the cutaneous carotenoids degra-
dation after the irradiation with blue light at doses of 50 J/cm2
(mean + SD, solid line) and 100 J/cm2 (mean − SD, dotted line) and
the subsequent restoration. ∗ shows the significant degradation in
comparison to the initial level before irradiation (𝑃 < 0.05).
exclude the formation of heat-shock radicals, the skin was
continuously cooled during the irradiation by a fan and the
skin temperature remotely measured with a thermometer
before, during, and after irradiation.
The applied irradiation doses were selected as they
represent a dosage that is readily acquirable under natural
conditions by sunbathing.The range between 380 and 495 nm
(violet and blue range of the spectra) represents 80% of
the energy emitted by the skintrek illumination source (see
Figure 1). In this wavelength range, according to the currently
active ASTM sun reference spectrum, the emitted average
energy accounts for about 161W/m2 in the USA [70]. This
value corresponds to sun exposure in southern Europe. This
means that the acquired dosage after one hour of sunbathing
at noon would amount to about 57 J/cm2, which is in the
range of our experimental settings (50 J/cm2 and 100 J/cm2).
2.7. Statistical Analyses. Statistical analyseswere done by one-
way or two-way analysis of variance (ANOVA) as appro-
priate. All analyses were conducted with GraphPad Prism,
4.0 (GraphPad Software Inc., La Jolla). Differences were
considered to be significant at 𝑃 < 0.05.
3. Results and Discussion
Figure 2 displays the kinetic course of the cutaneous
carotenoids degradation after the irradiation with blue-violet
light at doses of 50 J/cm2 and 100 J/cm2 and the subse-
quent restoration. A statistically significant decrease of the
carotenoid concentration after the application of both doses
was observed. The obtained mean magnitude of carotenoid
destruction was determined as the difference between the
carotenoid values measured before and directly after blue-
violet light irradiation. It is about twice as high at a dosage
of 100 J/cm2 compared to 50 J/cm2 (21.2% versus 13.5%). The
median skin surface temperaturemeasured immediately after
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irradiation was 36.3∘C (range 34.9–37.8) for 50 J/cm2 and
36.1∘C (range 32.2–38.5) for 100 J/cm2. The initial skin tem-
perature measured before irradiation was 31.5∘C on average.
No volunteer uttered any inconvenient sensations or other
problems during the entire experiment. Some volunteers
reported they felt only a slight skin temperature increase
when the respective skin areaswere exposed to the blue-violet
light.
The carotenoid degradation in human skin subsequent
to irradiation with blue-violet light can be explained by,
inter alia, the direct carotenoid destruction by blue-violet
light absorption, the effect of heat-shock radicals generated
due to the temperature increase, and the generation of free
radicals including ROS due to the blue-violet light activation
of mitochondrial activity. The two first possible reasons can
be eliminated as carotenoids are very stable under the applied
irradiation conditions (the dissociation energy of carotenoid
molecules is higher than the applied irradiation energies)
[71, 72]. The temperature starts to play an important role
in the generation of heat-shock radicals in the skin only
when exceeding the value of 39∘C [2].The obtained reduction
of the cutaneous carotenoid concentration subsequent to
irradiation of human skin with blue-violet light is fully in
correlation with the results obtained for UV [73], IRA, and
NIR [74] irradiation of human skin in vivo, which were
associated with the generation of free radicals and especially
ROS in the skin. Thus, the dose-dependent generation of
blue-violet light-induced ROS in the skin can be established
confirming the results obtained previously [22, 49].
When being irradiated at doses of 50 J/cm2, the caroten-
oid concentration in the skin was already restored one hour
after exposure. In contrast to this, the restoration of the
carotenoid concentration to the initial level takes 24 hours
after irradiation when being irradiated at doses of 100 J/cm2.
Still, 2 hours after irradiation at 100 J/cm2, almost 50% of the
degraded carotenoids were restored. The restoration of cuta-
neous carotenoids after the irradiation with blue-violet light
shows dose-dependent kinetics.Higher irradiation doses give
rise to the generation of a higher amount of ROS and,
therefore, to the depletion of higher amount of carotenoids.
Consequently, more time is required to restore the carotenoid
level that existed prior to irradiation. Conversely, low irra-
diation doses destroy a lower amount of carotenoids, which
reduces the time span for restoration.The restoration efficacy
is expected to be influenced by carotenoid-rich nutrition that
was shown in other studies [75–77].
To determine whether or not the reference blue excitation
light used in the applied resonanceRaman systemmay trigger
the same effects in the skin as irradiation with blue-violet
light, the applied irradiation doses should be compared. The
power of the utilized reference excitation blue light was
10mW. The diameter of the excitation beam was 6.5mm in
order to eliminate the influence of skin inhomogeneities on
the Raman measurements [65]. The exposure time was 5 sec.
Thus, the illumination dose of the reference blue light was
equal to 0.15 J/cm2 and this is substantially lower than the
applied blue-violet light irradiation doses (0.15 J/cm2 versus
50/100 J/cm2).Therefore, no detectable effect of any reference
excitation blue light on human skin can be affirmed.
While in the past sunscreen research addressed the
measuring technology in order to exactly specify not only the
UVB but also the UVA spectral ranges as a prerequisite for
developing new or improving existing products, Zastrow et
al. [22] revealed in 2009 that approximately 50% of the free
radicals, which are induced by solar radiation in the human
skin, originate from visible and infrared light. Although the
radical formation in the infrared spectral range has become a
topic of intense international research, studies demonstrating
that high amounts of free radicals are also induced by
visible and infrared light are rare. The presented study well
demonstrates that visible blue-violet light also induces free
radicals in human skin in vivo.The generation of free radicals
in the remaining visible spectrum is highly probable and,
therefore, is expected. These findings have the potential to
provide fresh impetus to the development of sunscreens, in
particular with regard to transferring from UV protection to
protection in the whole solar spectrum.
4. Conclusions
The irradiation of the human skin with blue-violet light
results in a dose-dependent significant degradation of the
epidermal antioxidants (𝑃 < 0.05) as was shown by in
vivo measurements of the carotenoid concentration using
resonance Raman spectroscopy. The mean magnitude of
the carotenoid destruction was determined to be 13.5%
after irradiation at 50 J/cm2 and 21.2% after irradiation at
100 J/cm2. Depending on the irradiation dose, the restoration
time was measured to be 1 hour for the dose of 50 J/cm2
and 24 hours for the dose of 100 J/cm2. The increase of the
irradiation dose is likely to extend also both the magnitude
of carotenoid destruction and the restoration time.
Based on the results obtained previously by other scien-
tific groups, it could be established that free radicals andmost
probably ROS are generated in the human skin subsequent to
irradiation with blue-violet light in vivo.
The obtained results could be essential for the develop-
ment of future protection strategies based not only onUVbut
also on protection across the whole spectrum of the light.
Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.
Acknowledgment
The authors would like to thank the Foundation “Skin
Physiology” of the Donor Association for German Science
and Humanities for the financial support.
References
[1] J. E. Frederick, H. E. Snell, and E. K. Haywood, “Solar ultra-
violet-radiation at the earths surface,” Photochemistry and
Photobiology, vol. 50, pp. 443–450, 1989.
Oxidative Medicine and Cellular Longevity 5
[2] M. Y. Akhalaya, G. V. Maksimov, A. B. Rubin, J. Lademann, and
M. E. Darvin, “Molecular action mechanisms of solar infrared
radiation and heat on human skin,” Ageing Research Reviews,
vol. 16, no. 1, pp. 1–11, 2014.
[3] J. Krutmann, A. Morita, and J. H. Chung, “Sun exposure: what
molecular photodermatology tells us about its good and bad
sides,” Journal of Investigative Dermatology, vol. 132, no. 3, pp.
976–984, 2012.
[4] D. A. Kelly, A. R. Young, J. M. McGregor, P. T. Seed, C. S.
Potten, and S. L. Walker, “Sensitivity to sunburn is associated
with susceptibility to ultraviolet radiation-induced suppression
of cutaneous cell-mediated immunity,” Journal of Experimental
Medicine, vol. 191, no. 3, pp. 561–566, 2000.
[5] F. Poon, S. Kang, and A. L. Chien, “Mechanisms and treat-
ments of photoaging,” Photodermatology, Photoimmunology &
Photomedicine, 2014.
[6] F. R. de Gruijl, “Skin cancer and solar UV radiation,” European
Journal of Cancer, vol. 35, no. 14, pp. 2003–2009, 1999.
[7] G. Bens, “Sunscreens,” Advances in Experimental Medicine and
Biology, vol. 810, pp. 429–463, 2014.
[8] D. D.Moyal andA.M. Fourtanier, “Broad-spectrum sunscreens
provide better protection from solar ultraviolet-simulated radi-
ation and natural sunlight-induced immunosuppression in
human beings,” Journal of the American Academy of Dermatol-
ogy, vol. 58, no. 5, pp. S149–S154, 2008.
[9] M. E. Darvin, H. Richter, S. Ahlberg et al., “Influence of
sun exposure on the cutaneous collagen/elastin fibers and
carotenoids: negative effects can be reduced by application of
sunscreen,” Journal of Biophotonics, vol. 7, no. 9, pp. 735–743,
2014.
[10] J. C.Monboisse, G. Poulin, P. Braquet, A. Randoux, C. Ferradini,
and J. P. Borel, “Effect of oxy radicals on several types of
collagen,” International Journal of Tissue Reactions, vol. 6, no.
5, pp. 385–390, 1984.
[11] Y. Kawaguchi, H. Tanaka, T. Okada et al., “Effect of reactive
oxygen species on the elastin mRNA expression in cultured
human dermal fibroblasts,” Free Radical Biology and Medicine,
vol. 23, no. 1, pp. 162–165, 1997.
[12] J. H. Epstein, “Photocarcinogenesis, skin cancer, and aging,”
Journal of the American Academy of Dermatology, vol. 9, no. 4,
pp. 487–502, 1983.
[13] J. Krutmann, “The role of UVA rays in skin aging,” European
Journal of Dermatology, vol. 11, no. 2, pp. 170–171, 2001.
[14] B. Poljsˇak and R. Dahmane, “Free radicals and extrinsic skin
aging,”Dermatology Research and Practice, vol. 2012, Article ID
135206, 4 pages, 2012.
[15] L. H. Kligman, “Intensification of ultraviolet-induced dermal
damage by infrared radiation,” Archives of Dermatological
Research, vol. 272, no. 3-4, pp. 229–238, 1982.
[16] S. M. Schieke, H. Stege, V. Ku¨rten, S. Grether-Beck, H. Sies,
and J. Krutmann, “Infrared-A radiation-induced matrix met-
alloproteinase 1 expression is mediated through extracellular
signal-regulated kinase 1/2 activation in human dermal fibrob-
lasts,” Journal of Investigative Dermatology, vol. 119, no. 6, pp.
1323–1329, 2002.
[17] M. E. Darvin, I. Gersonde, H. Albrecht, L. Zastrow, W. Sterry,
and J. Lademann, “In vivo Raman spectroscopic analysis of
the influence of IR radiation on the carotenoid antioxidant
substances beta-carotene and lycopene in the human skin.
Formation of free radicals,” Laser Physics Letters, vol. 4, no. 4,
pp. 318–321, 2007.
[18] P. Schroeder, J. Haendeler, and J. Krutmann, “The role of near
infrared radiation in photoaging of the skin,” Experimental
Gerontology, vol. 43, no. 7, pp. 629–632, 2008.
[19] P. Schroeder, J. Lademann, M. E. Darvin et al., “Infrared
radiation-induced matrix metalloproteinase in human skin:
implications for protection,” Journal of Investigative Dermatol-
ogy, vol. 128, no. 10, pp. 2491–2497, 2008.
[20] R. Haywood, “Relevance of sunscreen application method,
visible light and sunlight intensity to free-radical protection: a
study of ex vivo human skin,” Photochemistry and Photobiology,
vol. 82, no. 4, pp. 1123–1131, 2006.
[21] S. Cho, M. J. Lee, M. S. Kim et al., “Infrared plus visible light
and heat from natural sunlight participate in the expression of
MMPs and type I procollagen as well as infiltration of inflam-
matory cell in human skin in vivo,” Journal of Dermatological
Science, vol. 50, no. 2, pp. 123–133, 2008.
[22] L. Zastrow, N. Groth, F. Klein et al., “The missing link—light-
induced (280-1,600 nm) free radical formation in human skin,”
Skin Pharmacology andPhysiology, vol. 22, no. 1, pp. 31–44, 2009.
[23] M. E. Darvin, S. Haag, M. Meinke, L. Zastrow, W. Sterry, and
J. Lademann, “Radical production by infrared A irradiation in
human tissue,” Skin Pharmacology and Physiology, vol. 23, no. 1,
pp. 40–46, 2010.
[24] M. E. Darvin, S. F. Haag, J. Lademann, L. Zastrow, W. Sterry,
and M. C. Meinke, “Formation of free radicals in human skin
during irradiation with infrared light,” Journal of Investigative
Dermatology, vol. 130, no. 2, pp. 629–631, 2010.
[25] H. Piazena and D. K. Kelleher, “Effects of infrared-a irradiation
on skin: discrepancies in published data highlight the need for
an exact consideration of physical and photobiological laws
and appropriate experimental settings,” Photochemistry and
Photobiology, vol. 86, no. 3, pp. 687–705, 2010.
[26] T. Jung, A. Ho¨hn, H. Piazena, and T. Grune, “Effects of water-
filtered infrared A irradiation on human fibroblasts,” Free
Radical Biology and Medicine, vol. 48, no. 1, pp. 153–160, 2010.
[27] F. Liebel, S. Kaur, E. Ruvolo, N. Kollias, and M. D. Southall,
“Irradiation of skin with visible light induces reactive oxygen
species and matrix-degrading enzymes,” Journal of Investigative
Dermatology, vol. 132, no. 7, pp. 1901–1907, 2012.
[28] M. C. Meinke, R. Mu¨ller, A. Bechtel et al., “Evaluation of
carotenoids and reactive oxygen species (ROS) in human skin
after UV-irradiation: a critical comparison between in vivo and
ex vivo investigations,” Experimental Dermatology, 2014.
[29] R. G. Wheeland and S. Dhawan, “Evaluation of self-treatment
of mild-to-moderate facial acne with a blue light treatment
system,” Journal of Drugs in Dermatology, vol. 10, no. 6, pp. 596–
602, 2011.
[30] M. H. Gold, W. Sensing, and J. A. Biron, “Clinical efficacy
of home-use blue-light therapy for mild-to moderate acne,”
Journal of Cosmetic and Laser Therapy, vol. 13, no. 6, pp. 308–
314, 2011.
[31] H. H. Kwon, J. B. Lee, J. Y. Yoon et al., “The clinical and
histological effect of home-use, combination blue-red LED
phototherapy for mild-to-moderate acne vulgaris in Korean
patients: a double-blind, randomized controlled trial,” British
Journal of Dermatology, vol. 168, no. 5, pp. 1088–1094, 2013.
[32] A. Weinstabl, S. Hoff-Lesch, H. F. Merk, and V. von Felbert,
“Prospective randomized study on the efficacy of blue light in
the treatment of psoriasis vulgaris,” Dermatology, vol. 223, no.
3, pp. 251–259, 2011.
[33] M. M. Kleinpenning, M. E. Otero, P. E. J. van Erp, M. J.
P. Gerritsen, and P. C. M. van de Kerkhof, “Efficacy of blue
6 Oxidative Medicine and Cellular Longevity
light vs. red light in the treatment of psoriasis: a double-
blind, randomized comparative study,” Journal of the European
Academy ofDermatology andVenereology, vol. 26, no. 2, pp. 219–
225, 2012.
[34] D. Becker, E. Langer,M. Seemann et al., “Clinical efficacy of blue
light full body irradiation as treatment option for severe atopic
dermatitis,” PLoS ONE, vol. 6, no. 6, Article ID e20566, 2011.
[35] J. F. Ennever, “Blue light, green light, white light, more light:
treatment of neonatal jaundice,” Clinics in Perinatology, vol. 17,
no. 2, pp. 467–481, 1990.
[36] Y. Zhang, Y. Zhu, A. Gupta et al., “Antimicrobial blue light
therapy for multidrug-resistant Acinetobacter baumannii infec-
tion in a mouse burn model: implications for prophylaxis
and treatment of combat-related wound infections,” Journal of
Infectious Diseases, vol. 209, no. 12, pp. 1963–1971, 2014.
[37] N. Adamskaya, P. Dungel, R. Mittermayr et al., “Light therapy
by blue LED improves wound healing in an excision model in
rats,” Injury, vol. 42, no. 9, pp. 917–921, 2011.
[38] J. S. Guffey and J. Wilborn, “Effects of combined 405-nm
and 880-nm light on Staphylococcus aureus and Pseudomonas
aeruginosa in vitro,” Photomedicine and Laser Surgery, vol. 24,
no. 6, pp. 680–683, 2006.
[39] T. Dai, A. Gupta, Y.-Y. Huang et al., “Blue light elimi-
nates community-acquiredmethicillin-resistant Staphylococcus
aureus in infected mouse skin abrasions,” Photomedicine and
Laser Surgery, vol. 31, no. 11, pp. 531–538, 2013.
[40] T. G. S. Denis, T. Dai, and M. R. Hamblin, “Killing bacterial
spores with blue light: when innate resistance meets the power
of light,” Photochemistry and Photobiology, vol. 89, no. 1, pp. 2–4,
2013.
[41] R. Yin, T. Dai, P. Avci et al., “Light based anti-infectives:
ultraviolet C irradiation, photodynamic therapy, blue light, and
beyond,” Current Opinion in Pharmacology, vol. 13, no. 5, pp.
731–762, 2013.
[42] E. Shnitkind, E. Yaping, S. Geen, A. R. Shalita, and W.-L.
Lee, “Anti-inflammatory properties of narrow-band blue light,”
Journal of Drugs in Dermatology, vol. 5, no. 7, pp. 605–610, 2006.
[43] J. Ola´h, E. To´th-Molna´r, L. Keme´ny, and Z. Csoma, “Long-term
hazards of neonatal blue-light phototherapy,” British Journal of
Dermatology, vol. 169, no. 2, pp. 243–249, 2013.
[44] M. R. Fischer, M. Abel, S. Lopez Kostka, B. Rudolph, D. Becker,
and E. von Stebut, “Blue light irradiation suppresses dendritic
cells activation in vitro,” Experimental Dermatology, vol. 22, no.
8, pp. 558–560, 2013.
[45] C. Opla¨nder, S. Hidding, F. B. Werners, M. Born, N. Pallua,
and C. V. Suschek, “Effects of blue light irradiation on human
dermal fibroblasts,” Journal of Photochemistry and Photobiology
B: Biology, vol. 103, no. 2, pp. 118–125, 2011.
[46] S. Bonatti, B. Hochman, V.M. Tucci-Viegas et al., “In vitro effect
of 470 nmLED (light emitting diode) in keloid fibroblasts,”Acta
Cirurgica Brasileira, vol. 26, no. 1, pp. 25–30, 2011.
[47] R. Mittermayr, A. Osipov, C. Piskernik et al., “Blue laser light
increases perfusion of a skin flap via release of nitric oxide from
hemoglobin,” Molecular Medicine, vol. 13, no. 1-2, pp. 22–29,
2007.
[48] J. Liebmann, M. Born, and V. Kolb-Bachofen, “Blue-light
irradiation regulates proliferation and differentiation in human
skin cells,” Journal of Investigative Dermatology, vol. 130, no. 1,
pp. 259–269, 2010.
[49] C. Opla¨nder, A. Deck, C. M. Volkmar et al., “Mechanism
and biological relevance of blue-light (420–453 nm)-induced
nonenzymatic nitric oxide generation from photolabile nitric
oxide derivates in human skin in vitro and in vivo,” Free Radical
Biology and Medicine, vol. 65, pp. 1363–1377, 2013.
[50] A. Sparsa, K. Faucher, V. Sol et al., “Blue light is phototoxic for
B16f10 murine melanoma and bovine endothelial cell lines by
direct cytocidal effect,” Anticancer Research, vol. 30, no. 1, pp.
143–148, 2010.
[51] M. Darvin, L. Zastrow, W. Sterry, and J. Lademann, “Effect of
supplemented and topically applied antioxidant substances on
human tissue,” Skin Pharmacology and Physiology, vol. 19, no. 5,
pp. 238–247, 2006.
[52] J. J. Thiele, C. Schroeter, S. N. Hsieh, M. Podda, and L. Packer,
“The antioxidant network of the stratum corneum,” Current
Problems in Dermatology, vol. 29, pp. 26–42, 2001.
[53] J. Lademann, S. Schanzer, M. Meinke, W. Sterry, and M. E.
Darvin, “Interaction between carotenoids and free radicals in
human skin,” Skin Pharmacology and Physiology, vol. 24, no. 5,
pp. 238–244, 2011.
[54] N. I. Krinsky, “Carotenoids as antioxidants,” Nutrition, vol. 17,
no. 10, pp. 815–817, 2001.
[55] M. E. Darvin, J. W. Fluhr, S. Schanzer et al., “Dermal carotenoid
level and kinetics after topical and systemic administration
of antioxidants: enrichment strategies in a controlled in vivo
study,” Journal of Dermatological Science, vol. 64, no. 1, pp. 53–
58, 2011.
[56] S. F. Haag, B. Taskoparan, M. E. Darvin et al., “Determination
of the antioxidative capacity of the skin in vivo using resonance
Raman and electron paramagnetic resonance spectroscopy,”
Experimental Dermatology, vol. 20, no. 6, pp. 483–487, 2011.
[57] M. C. Meinke, A. Friedrich, K. Tscherch et al., “Influence
of dietary carotenoids on radical scavenging capacity of the
skin and skin lipids,” European Journal of Pharmaceutics and
Biopharmaceutics, vol. 84, no. 2, pp. 365–373, 2013.
[58] J. Lademann, A. Patzelt, S. Schanzer et al., “Uptake of antioxi-
dants by natural nutrition and supplementation: pros and cons
from the dermatological point of view,” Skin Pharmacology and
Physiology, vol. 24, no. 5, pp. 269–273, 2011.
[59] E. Ferna´ndez-Garc´ıa, “Skin protection against UV light by
dietary antioxidants,” Food & Function, vol. 5, no. 9, pp. 1994–
2003, 2014.
[60] W. Stahl and H. Sies, “Photoprotection by dietary carotenoids:
concept, mechanisms, evidence and future development,”
Molecular Nutrition and Food Research, vol. 56, no. 2, pp. 287–
295, 2012.
[61] M. E. Darvin, A. Patzelt, F. Knorr, U. Blume-Peytavi, W.
Sterry, and J. Lademann, “One-year study on the variation
of carotenoid antioxidant substances in living human skin:
influence of dietary supplementation and stress factors,” Journal
of Biomedical Optics, vol. 13, no. 4, Article ID 044028, 2008.
[62] J. Lademann, W. Ko¨cher, R. Yu et al., “Cutaneous carotenoids:
the mirror of lifestyle?” Skin Pharmacology and Physiology, vol.
27, no. 4, pp. 201–207, 2014.
[63] M. E. Darvin, W. Sterry, J. Lademann, and A. Patzelt, “Alcohol
consumption decreases the protection efficiency of the antioxi-
dant network and increases the risk of sunburn in human skin,”
Skin Pharmacology and Physiology, vol. 26, no. 1, pp. 45–51, 2013.
[64] T. B. Fitzpatrick, “The validity and practicality of sun-reactive
skin types I through VI,” Archives of Dermatology, vol. 124, no.
6, pp. 869–871, 1988.
[65] M. E. Darvin, I. Gersonde, S. Ey et al., “Noninvasive detection
of beta-carotene and lycopene in human skin using raman
spectroscopy,” Laser Physics, vol. 14, no. 2, pp. 231–233, 2004.
Oxidative Medicine and Cellular Longevity 7
[66] M. E. Darvin, I. Gersonde, H. Albrecht, S. A. Gonchukov, W.
Sterry, and J. Lademann, “Determination of beta carotene and
lycopene concentrations in human skin using resonance Raman
spectroscopy,” Laser Physics, vol. 15, no. 2, pp. 295–299, 2005.
[67] N. I. Krinsky and E. J. Johnson, “Carotenoid actions and their
relation to health and disease,” Molecular Aspects of Medicine,
vol. 26, no. 6, pp. 459–516, 2005.
[68] M. E. Darvin, W. Sterry, J. Lademann, and T. Vergou, “The role
of carotenoids in human skin,” Molecules, vol. 16, no. 12, pp.
10491–10506, 2011.
[69] M. E. Darvin, M. C. Meinke, W. Sterry, and J. Lademann,
“Optical methods for noninvasive determination of carotenoids
in human and animal skin,” Journal of Biomedical Optics, vol. 18,
no. 6, Article ID 61230, 2013.
[70] ASTM, “Standard tables for reference solar spectral irradiances:
direct normal and hemispherical on 37∘ tilted surface,” Tech.
Rep. G173-03 A, ASTM International, Conshohocken, Pa, USA,
2012.
[71] J. S. Hurst, J. E. Centreras, W. G. Siems, and F. J. G. M. van
Kuijk, “Oxidation of carotenoids by heat and tobacco smoke,”
BioFactors, vol. 20, no. 1, pp. 23–35, 2004.
[72] C. S. Boon, D. J. McClements, J. Weiss, and E. A. Decker,
“Factors influencing the chemical stability of carotenoids in
foods,” Critical Reviews in Food Science and Nutrition, vol. 50,
no. 6, pp. 515–532, 2010.
[73] M. E. Darvin, I. Gersonde, H. Albrecht, W. Sterry, and J. Lade-
mann, “In vivoRaman spectroscopic analysis of the influence of
UV radiation on carotenoid antioxidant substance degradation
of the human skin,” Laser Physics, vol. 16, no. 5, pp. 833–837,
2006.
[74] M. E.Darvin,A. Patzelt,M.Meinke,W. Sterry, and J. Lademann,
“Influence of two different IR radiators on the antioxidative
potential of the human skin,” Laser Physics Letters, vol. 6, no.
3, pp. 229–234, 2009.
[75] M. E. Darvin, I. Gersonde, H. Albrecht, W. Sterry, and J.
Lademann, “Resonance Raman spectroscopy for the detection
of carotenoids in foodstuffs. Influence of the nutrition on the
antioxidative potential of the skin,” Laser Physics Letters, vol. 4,
no. 6, pp. 452–456, 2007.
[76] S. Jung,M. E. Darvin, H.-S. Chung et al., “Antioxidants in asian-
korean and caucasian skin: the influence of nutrition and stress,”
Skin Pharmacology and Physiology, vol. 27, no. 6, pp. 293–302,
2014.
[77] S. T. Mayne, B. Cartmel, S. Scarmo et al., “Noninvasive assess-
ment of dermal carotenoids as a biomarker of fruit and veg-
etable intake,” American Journal of Clinical Nutrition, vol. 92,
no. 4, pp. 794–800, 2010.



















































 Computational and  
Mathematical Methods 
in Medicine
Ophthalmology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Diabetes Research
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Research and Treatment
AIDS
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Gastroenterology 
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Parkinson’s 
Disease
Evidence-Based 
Complementary and 
Alternative Medicine
Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com
